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INTRODUCTION 
It is often said—for plant breeding the optimum environ­
ment in which to practice selection is the one that gives the 
greatest genetic gain from selection. The genetic gain real­
ized, of course, will depend upon maximizing heritability and 
genotypic differentiation. 
For certain traits that display little genotype x environ­
ment interaction, e.g., resistance to a given race of rust in 
oats, a single optimum environment for testing can be pre­
scribed easily. However, for a trait like grain yield, maxi­
mizing genetic gain by selecting in a certain environment may 
have no usefulness if the selected genotypes are to be used in 
a different environment, because traditionally this trait has 
been thought to be subject to a high degree of genotype x 
environment interaction. However, recent work by Johnson 
(1965) suggests that in oat and barley populations with large 
genotypic variances, the genotype x environment interaction 
may be nearly inconsequential, at least in the initial phases 
of selection for quantitative traits. If so, it should be 
possible to define an optimum environment in which to select 
for quantitatively inherited traits, such as, grain yield, 
bushel weight, etc. Furthermore, Borlaug^, from his experience 
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N. E. Borlaug, International Maize and Wheat Improve­
ment Center, Mexico, D-. F. Experimental data. Private 
communication. I966. 
in "international wheat breeding," has postulated that a major 
contributor to genotype x environment interaction may be 
reaction of genotypes to photoperiod, a trait that is qualita­
tively inherited. On the basis of Borlaug's conclusion, 
Krull et al. (I966) proposed breeding photoperiod insensitive 
wheat genotypes, and then selecting for grain yeild in an 
environment that evokes maximum productivity. They would 
evaluate breeding materials in an environment with high fer­
tilization and optimum management because; (1) high fertil­
izer rates and correct management tend to decrease soil 
Variability providing a more uniform environment for selection; 
(2) yield differences are maximized under high management 
conditions; (3) there is a worldwide trend to use more fer­
tilizer each year and varieties selected under present day 
fertilizer practices may soon be "out of date." 
The expected genetic advance from selection in a breeding 
program is based on three factors; (1) genotypic variability 
among the breeding materials, (2) heritability of the attri­
bute under selection, and (3) size of the sample of genotypes 
saved. Genotypic variability available and size of sample 
saved can be controlled by the breeder, but heritability and 
degree of expression of genotypic variability are somewhat 
dependent on the environment used for testing. Since herita­
bility is a measure of the genotypic effects of an attribute 
that are passed from one generation to the next, an environment, 
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that allows the highest heritability should be a good one for 
maximizing genetic gain from selection. 
Herein, I studied the relationship between heritability 
of several traits and the general productivity of environments. 
I utilized a population of oat lines with a broad genetic 
base, and a series of environments that had very diverse pro­
ductivity potentials. Relevant to this study was an evaluation 
of the stability of performance of the genotypes in the 
several environments. 
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REVIEW OF LITERATURE 
Pathologists have spent much research time developing 
optimum tests and techniques for differentiating disease-
resistant genotypes (Walker, I966), whereas plant breeders 
have published very few definitive data about the comparative 
effectiveness of various environments upon progress of selec­
tion for quantitatively inherited traits. 
Gotoh and Osanai (1959a-) divided the bulk of a wheat 
cross into three lots and grew one at each of three population 
levels. Selection was practiced for high spike number at each 
population level for four generations, F^ to Fg. In the F^ 
they selected for yield, and the Fg lines from all treatments 
were compared in a common experiment. Mean yield and spike 
number were highest for the progenies selected in the low 
density environment, so they concluded this environment was 
the most efficient for selection. In a similar experiment with 
fertilizer levels, Gotoh and Osanai (1959%) obtained the 
highest producing wheat lines from the low fertility area. 
Herltabilities for yield and spike number were greatest in the 
low fertility environment, and the lines selected in this 
nursery also had wider adaptation than those selected at other 
fertilizer levels. 
Krull et al. (I966) used 25 spring wheat varieties repre­
senting the major types from the Near East, Mexico arid 
Colombia in an international yield trial grown at 16 locations 
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in the Near East, two in Mexico, and one in Colombia. The 
best yielding varieties at the four highest and the four low­
est yielding sites were identical. Also, the highest yielding 
varieties from averaging over all locations were also the 
highest yielding ones at nearly all of the individual loca­
tions. According to the authors, these data suggest that 
testing for grain yield should be done on test sites with high 
fertility and optimum management. The highest yielding 
varieties in the international nursery were selected under 
just such conditions. 
Kariya and Yamamoto (I963), found that heritabilities in 
rice populations for panicle length, number of panicles, 
panicle weight, and heading date were reduced as planting 
densities increased, so they concluded that it was advanta­
geous to select at low planting densities in early generations. 
However, Weber (1957) found no differences for yield, plant 
height and lodging among groups of soybean lines selected from 
populations in which the plants were spaced either 2, 4 or 12 
inches apart. 
In an population of the cross between the corn inbreds 
M l4 and C IO3, Russell and Teich (I967) selected lines via 
four testing procedures: (a) test cross yields at 12,000 
plants per acre (low planting rate); (b) test cross yields at 
24,000 plants.per acre (dense planting rate); (c) visual 
evaluation of inbred lines at 12,000 plants per acre; and (d) 
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visual evaluation at 24,000 plants per acre. When all selected 
lines were compared for yielding ability per se and in hybrid 
combinations at several population densities, the authors 
found that selection at low or dense populations resulted in 
lines with similar response at low population levels, but 
lines selected in dense stands were superior to those selected 
in low stands when compared at the highest planting rates. 
They concluded that inbred line testing should be done at a 
high population density. 
Frey (1964) practiced selection among F^- derived lines 
of oats for several generations under two environments, one 
was a gravelly, eroded knoll that produced very low yields and 
the other was an adjacent fertile area that produced high 
grain yields. When tested in a common experiment the mean 
yields of the groups of strains selected in the two environ­
ments were not significantly different. However, the herita-
bility values for yield were higher in the fertile area than 
in the low productivity area. Greatest progress from selecting 
for high yielding ability and wide adaptation was expected 
from testing under high productivity conditions. 
Johnson and Frey (I967) grew a collection of oat lines 
under different degrees of environmental stress (conditions 
that limited plant productivity). The stress was graded by 
using several levels of a single variable, such as phosphorous, 
nitrogen, or planting date. As stress decreased, genotypic 
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variances, environmental variances and heritabilities increased 
in 17» 13 and 11 cases of 20 possible, respectively. One 
interesting anomaly they noted was that the low stress environ­
ment for panicle development was a stress environment for seed 
and spikelet development. Therefore, the designation of an 
environment in terms of stress characteristic needed to be 
couched according to the attribute under consideration. It 
appeared that decreased stress did permit greater genotypic 
differentiation among lines, but there was no consistent in­
crease or decrease in heritability as environmental stress was 
decreased. In a companion study, Johnson (I967) calculated 
the expected genetic advances for oat grain yield at four 
levels of soil phosphorous using yield per se and selection 
indices composed of combinations of the following traits: 
plant height, plant weight, panicle number, spikelet number 
per panicle, weight per 100 seeds, and grain yield. The 
genetic materials used were 24 oat cultivars, and the phos­
phorous applications were 0,22.5, 45, and 90Kg./ha (actual 
P.). He concluded that in a high phosphorous environment 
selection for yield itself was the most efficient method but 
in a low phosphorous environment, secondary traits were effec­
tive aids in selection for yield. 
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MATERIALS AND METHODS 
Field Procedures 
For this study, I used 240 oat lines from the sources 
shown in Table 1. Andrew (C.I. 4l70) and Burnett (C.I. 6537) 
varieties are well adapted to the Iowa environment and C.I. 
55^5 is a lodging resistant strain that is unadapted to Iowa. 
The oat composites, B 33^» B 36? and B 370, originated from a 
common source. The F^ seed from 250 crosses (5 g. from each) 
was mixed and increased as a single lot to F^ to increase the 
seed supply. Many parent oat varieties were represented in 
this composite, some adapted and some not adapted to Iowa, but 
no count has been made of the proportion of each type. In F^, 
the seed was split into a number of samples, with each being 
subjected to some type of mass selection. B 33^ and B 370 
were Fy and Pg composites that has been mass selected for 
crown rust resistance for five and six consecutive generations, 
respectively. The mass-selection procedure used consisted of 
subjecting a bulk planting of the composite to a crown rust 
epiphytotic, harvesting and threshing the plants in bulk, and 
winnowing the threshed seed. The winnowing separated the seed 
into light and heavy lots, the former being produced on sus­
ceptible and the latter on resistant oat plants. The heavy 
seed lot was used to propagate the succeeding generation. 
B 367 was similarly derived to Fg except that it was subjected 
each generation to a battery of mass selection procedures. 
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Table 1. Pedigree numbers, 
each used in this 
crosses 
study 
and number of lines from 
Cross Pedigree Number of Lines 
Andrew x Burnett X 400-2 39 
Andrew x C.I. 55^5 X 401-2 14 
t t  X 401-5 12 
t l  X 401-6 14 
II  X 401-7 1 
Burnett x C.I. 55^5 X 404-2 22 
II  X 404-3 18 
Composite population^ B 334 40 
II  B 367 40 
II  B 370 40 
®'Exact crosses In composite are on file at the Agronomy 
Department, Iowa State University, Ames, Iowa. 
The lines used by me were the progenies of single plants. 
The 120 lines from crosses X 400 through X 404 were the bulk 
progenies of plants (called F^-derived lines), and they 
were tested in the F^ and F^ in the 2 years of my study. The 
40 lines from B 33^ and the 80 lines from B 367 and B 370 were 
Fg- and F^-derived lines tested in the F^ and F^Q, for the 
former and in the F^q and F^^ for the latter. Expectedly each 
Fg-derived line was probably quite heterogeneous, whereas 
each Fg- or F^-derived line was probably quite homogeneous. 
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The 240 oat lines were tested in ten replicated experi­
ments, one in each of ten environments. The descriptions of 
the environments are given in Table 2. Experiments 6-1 and 
7-1 were grown at Kanahwa, Iowa, and all others were grown at 
Ames. All but experiments 6-2 and 7-2 (late) were planted at 
the normal dates, i.e., as early as the weather would permit. 
The low fertility environment was a soil area on which corn 
was grown without fertilization for the six years preceding my 
experiment. 
The experimental design for each experiment was a random­
ized complete block with five replicates. A plot consisted of 
a hill planted with either 12, 32 or 52 seeds and the hills 
were spaced one foot apart in perpendicular directions. The 
24-0 plots of a block were sown in a 15 x l6 arrangement. 
Competition for hills adjacent to the borders was provided by 
sowing two rows of hill plots at the appropriate density around 
an experiment. The experiments were hoed to eliminate weeds 
and sprayed with a fungicide (Dithane Z-78) at weekly intervals 
from early June until maturity, to prevent epiphytotics of 
foliar diseases. 
Data were collected for the six traits—heading date, 
plant height, number of panicles per plot, number of spikelets 
per five panicles, weight of 100 seeds, and grain yield. Heading 
date was recorded for a plot (two replicates) when 50^ of the 
panicles had completely emerged; plant height was measured on 
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Table 2. Description of the experiments in which the oat 
lines were tested 
Factors of the environment 
Experiment Density^ in seeds 
No. Year Fertility per plot Planting date 
6-1 1966 Low 32 (normal) April 22 (normal) 
6-2 1966 Normal 32 April 30 (late) 
6-3 1966 Normal 32 March 31 (normal) 
6-4 1966 Normal 12 (low) March 31 
6-5 1966 Normal 52 (high) March 31 
7-1 1967 Low 32 April 18 
7-2 1967 Normal 32 May 5 (late) 
7-3 1967 Normal 32 March 29 (normal) 
7-4 1967 Normal 12 March 29 
7-5 1967 Normal 52 March 29 
^12; 32} and 52 seeds per plot equal 1, 3s and 5 bushels 
per acre approximately. 
a plot basis (two replicates) at maturity in centimeters from 
the ground level to the panicle tips. The number of panicles 
per plot was counted at maturity (three replicates). An 
average number of spikelets was estimated from counts made on 
five random panicles in a plot (three replicates). The weight 
per 100 seeds in grams was determined on a sample from each 
plot (three replicates). Grain yield was measured on a plot 
basis as weight in grams of the threshed grain.. Five 
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replicates were used for yield determinations in all experi­
ments except 7-2, in which only three replicates were 
harvested. 
Statistical Procedures 
The analysis of variance for each experiment-trait com­
bination was obtained by analyzing the data according to the 
randomized complete block model: 
= U + a. + Pj + 
where: la = overall mean 
"fch 
= the i treatment effect; i = l,2,...,s. 
"t~ Vi 
Pj = the j block effect; j = l,2,...,r. 
e. . = the plot error. 1J 
The assumptions for the model are: 
~ NID(0,a^), aj_ ~ NID(0,a^) 
The sources of variation, degrees of freedom and expected 
mean squares for the analyses of variance are presented in 
Table 3- Heritability values for the six traits were calcu­
lated on a per plot basis by using variance components in the 
following formula: ^ 
H = 
"l * 
2 2 
where and a are the genotypic and environmental variances 
respectively. 
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Table 3. Sources of variation, degrees of freedom and expected 
mean squares for the analysis of variance of each 
experiment 
Source of variation d.f. Expected mean squares 
Replicates r-1 
p p 
Lines (L) s-1 c + rcr^ 
2 Error (r-1)(s-1) 
Total rs-1 
r = replicates; s = lines 
a 
The heritability values were used to calculate the ex­
pected genotypic gain from selection as follows: 
AG = Hi CTpj 
where: AG = expected genetic gain, H = heritability, 
1 = selection differential; i.e., selection intensity in stan­
dard deviation units, = phenotypic standard deviation. The 
selection intensity used was ten percent. 
A combined analysis of variance for grain yield in all 
ten experiments was made according to the model in Table 4. 
This permitted an estimation of the significance of genotype x 
environment interaction. A nonsignificant interaction mean 
square would indicate a similar reaction of the lines relative 
to one another in all test environments, whereas a significant 
interaction mean square would indicate a dissimilar relative 
performance. 
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Table 4. Sources of variation, degrees of freedom and expected 
mean squares for the combined analysis of variance 
of yield data from ten experiments (unequal number 
of replicates) 
Source of variation d.f. Expected mean squares 
Experiments (E) 9 
Replicates/experiments 38 
Lines (L) 239 
L X s 2151 + VLE 
Error 9082 
Total 11519 
— — 2 — r = replicates; r^ = — ; r^ = ^ (Er^ -r^j 
i 
e = experiments 
Also, analyses of variance for all possible combinations 
of experiments taken two at a time were made according to the 
model in Table 5» From the 45 genotype x environment variance 
components estimated from these analyses it was possible to 
assay which environment or environments were primarily respon­
sible for the significant interaction. The combined analyses 
included experiments with unequal numbers of replicates, 
therefore, the coefficients (i.e., r^ and r^) for the expected 
mean squares were calculated according to the method presented 
by Cochran and Cox (I96O, p. 557). 
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Table 5- Combined analysis of variance for yield from the 
• pooled data of combinations- of two experiments 
Source of variation d.f. Expected mean squares 
Experiments (E) 1 
Replicates/experiments 8 
Lines (L) 239 
L X E 239 
Error 1912 2 a 
Total 2399 
r = replicate; e = experiments 
Also, because of the range of mean yield among experiments 
it was felt that the combined analysis might follow a multipli­
cative rather than an additive model. This would lead to a 
situation- in which the ranking of the lines was similar but at 
different levels of productivity in the several environments. 
So, a combined analysis of variance was performed on the log 
transformed data for grain yield of nine experiments. The late 
planted experiment in I967 was excluded from the combined 
analysis because it had fewer number of replicates than the 
other experiments. 
Some interest also resides in a partition of the mean 
squares for the experiments x lines interaction into source 
attributable to environments x line's, years 2 lines and years 
15b 
X environments x lines. The first interaction can be modified 
by the plant breeder through alterations of experimental condi­
tions but the last two are beyond his control. The two late 
planted experiments were excluded from the metric and log analy­
ses because the late-planted experiment in I967 had fewer 
number of replicates. 
The grain yield data were used to calculate the phenotypic 
and genotypic correlations between environments. To calculate 
the genotypic correlations, estimates of genotypic variances 
2 2 
and a^^^^jand covariance were obtained from 
the analyses of variance and covariance for each experiment 
and combination of experiments respectively, as indicated by 
the analysis presented in Table 6. The symbols x and y 
designate two. different experiments. The estimates of the 
genotypic variance and covariance components for lines were 
obtained as follows : 
CP2 
^L(xy) r 
Therefore, the genotypic correlation coefficients were 
calculated by the formula: 
^L(xy) 
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The estimates of phenotypic variances and covariances for 
2 2 2 2 
lines are respectively + ^ l(x)^' '-^(y) ^  '^L(y)^ 
^^L(xy)^" Thus, the phenotypic correlation coefficients were 
obtained using the formula; 
^p(xy) 
+ "My)] 
In addition, rank correlations were calculated since the 
plant breeder in his selection program, in fact, utilizes the 
ranked rather than the absolute yield values as a basis for 
selection. 
Table 6. Analysis of variance and covarlanoe used to obtain phenotypic and 
genotypic correlations between mean yield of lines in different 
environments 
Source of 
variation MS(x) EMS(x) CP Gov.(xy) MS(y) EMS(y) 
Lines M2(x) =^2 C(y) +r»Ê(y) 
Error %!(%) "(xy) »(y) °(y) 
I 
Assumption: = 0 
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RESULTS AND DISCUSSION 
Stability of Yield of Oat Genotypes 
in Different Environments 
The terms experiment and environment will be used somewhat 
interchangeably throughout this text to give appropriate empha­
sis in the presentation. For example, experiment 6-1 (low 
fertility in I966) will be equivalent to low fertility environ­
ment in 1966. 
The stability of grain yield production of oat genotypes 
across experiments was measured via two methods: (a) the 
relative importance of an experiment in contributing to lines 
X experiments interaction, and (b) phenotypic and genotypic 
correlations of grain yields of lines in different experiments. 
An analysis of variance of the data for grain yield from all 
experiments was made to estimate the degree of significance of 
the lines x experiments Interaction (Table 7a). The interaction 
mean square was significant at the 0.01 level of probability, 
indicating inconsistency of performance of the genotypes in 
the different experiments. However, the interaction mean 
square was relatively small when compared to the mean square 
among lines. From a somewhat similar study, Johnson (I965) 
concluded that the genotype x environment interaction variance 
was so small as to be of little importance when compared to 
the lines variance in oat and barley experiments. Of. course, 
both his and my populations of oat lines were unselected, and 
19a 
Table 7a. Combined analysis of variance for grain yield from 
ten experiments 
Source of variation d.f. 8.8. M.S. 
Blocks/Experiments (B/E) 38 9,906.76 
Experiments (E) 9 323,024.64 
Lines (L) 239 130,564.99 546.30** 
Lines x Experiments (LxE) 2151 84,312.00 39.20** 
Error 9082 218,782.27 24.10 
^^Significant at the 1% level of probability. 
therefore represented a broad genotypic base for yield. It 
would make an interesting study to determine whether as the 
lines variance decreased with selection, the lines x experi­
ments interaction variance also decreased. The magnitudes of 
the lines x experiments and the lines variance components from 
the combined analysis were 3.15 and 10.56, respectively. 
The range of mean yield among experiments suggested that 
a multiplicative rather than additive model might be more appro­
priate for the combined analysis. Therefore, a combined analy­
sis of variance was performed on the log transformed data for 
grain yield. The mean squares and components of variance for 
lines and lines x experiments interaction from the combined 
analysis of nine experiments are given in Table 7b. The metric 
and log analyses gave similar results and'showed the lines x 
experiments interaction significant at the 0.01 level of 
19b 
probability. The, ratios of lines to lines x experiments com­
ponents of variance for the metric and log analyses were 3.4 and 
4.6, respectively. The ratio is increased by about 40 percent 
by the log transformation. It may be that changes in the mag­
nitude of the differences among lines as we move from high yield­
ing to low yielding situations was contributing to the original 
interaction variance component. However, it remains true that 
there is some irreducible lines xexperiments interaction which 
must be attributed to changes in order of relative performance 
among lines. 
The metric and log analyses for the partition of the linesx 
experiments interaction of eight experiment are presented in Table 
7c. The two types of analyses gave similar results. Both the 
years x lines and the environments xlines interactions were 
significant at the 0.01 level of probability. Also, the log 
analysis shows that the component of variance for the years x 
lines interaction was slightly larger than the environments x 
lines component. The magnitude cf the years xlines component of 
variance indicates that a large portion of the genotype x environ­
ment interaction is beyond the control of the plant breeder. 
This situation, plus the fact that the magnitude of the lines x 
experiments variance component is of little importance as com­
pared with the magnitude of the lines variance component, sug­
gests that the genotype x environment interaction may be incon­
sequential in early stages of selection of a breeding program. 
To determine whether the experiments or environments con­
tributed differentially to the lines x experiments Interaction, 
I computed analyses of variance for all possible combinations 
Table 7t). Mean squares and components of variance for grain yield for lines and 
lines X experiments interaction from the combined analysis of nine 
experiments 
Metric analysis Log analysis 
Source of variation d.f. M.S. 
Component of 
variance M.S. 
Component of 
variance 
Lines (L) 239 528.83 5^.35 0.8073 0.0831 
Lines x Experiments (LxE) 1912 39.69** 15.78 0.0593** 0.0182 
Error 
o 
86o4 23.91 0.04ll 
Cy 
Ratio 2 
^LxE 
3.4 4.6 
**8ignifleant at the 1% level of probability. 
Table 7o. Mean squares and components of variance for grain yield for the 
partition of the lines x experiments interaction from the combined 
analysis of eight experiments 
Metric analysis Log analysis 
Source of variation d.f. M.S. 
Component of 
variance M.S. 
Component of 
variance 
Lines 239 484.82 50.70 0.7205 0.0777 
Years x Lines 239 56.83** 7.35 0.0826** 0.0084 
Environments x Lines 717 49.82** 11.18 0.0652** 0.0081 
Environments x Years xLines 717 27.45 2.45 0.0489 0.0062 
Error 
o 
7648 25.00 > 0.0427 
^L Ratio p 2.4 3.4 
' ^ LxE 
^^Significant at the 1% level of probability. 
20 
of experiments taken two at a time. The mean squares from 
these analyses are given in Table 8. Thirty-nine of the 45 
lines X experiments interaction mean squares were significant 
at the 0.01 level of probability. All experiments except 6-1 
and 7-1 (low fertility) were represented once or more in the 
six combinations that produced nonsignificant Interaction vari­
ances. The lines x experiments components of variance for the 
4-5 combinations of experiments are presented in Table 9* The 
lines X experiments components of variance ranged from negative 
values to 7.5• The negative components of variance were con­
sidered to be zero since a negative variance cannot exist. The 
combinations of experiments ranked according to the magnitude 
of the lines x experiments components of variance from highest 
to lowest are given in Table 10. Cases where a low fertility 
experiment (6-1 and 7-1) was one of the pair consistently 
ranked high, indicating that low fertility was a major contrib­
utor to the lines x experiments components of variance. No 
other environment was easily discernible as a major contributor 
to the interaction variance component. 
The combinations of experiments also were ranked from high 
to low according to genotypic variance components from the com­
bined analyses (Tables 9 and 11). The genotypic variance com­
ponents ranged from 2.3 to 23.1. Experiment pairs where a low 
fertility environment was involved consistently showed low geno­
typic variance components, and those where high productivity (6-3 
and 7-3) and high density (6-5 and 7-5) environments were involved, 
consistently produced high genotypic variance components. 
An average effect of an experiment to lines x experiments 
interaction was assayed by calculating the mean interaction 
Table 8. Mean squares from analyses of variance of grain yield for all possible 
combinations of experiments taken two at a time 
Source of variation 
Experiment Blocks/Experiments Experiments Lines LinesxExperiments Error 
combination (B/E) (E) (L) (LxE) 
6-1 + 6-2 530.5 4l,668.3 84.3 20.1** 12.8 
6-1 + 6-3 594.7 134,430.6 117.3 42.5** 19.7 
6-1 + 6-4 541.5 73,117.9 93.6 37.0** 24.4 
6-1 + 6-5 575.0 115,440.0 106.3 36.2** 20.2 
6-1 + 7-1 574.5 256.1 46.6 17.5** 11.9 
6-1 + 7-2 1,089.3 34,927.2 50.2 29.8** 16.6 
6-1 + 7-3 5^b.9 142,280.6 117.7 51.1** 17.1 
6-1 + 7-4 636.3 80,643.2 94.0 46.6** 21.7 
6-1 + 7-5 562.5 92,740.2 113.0 47.1** 16.1 
6-2 + 6-3 89.0 27,655.7 165.8 35.4** 22.0 
6-2 + 6-4 35.9 4,907.8 134.7 37.3** 26.7 
6-2 + 6-5 69.4 19,437.0 155.2 28.8** 22.6 
6-2 + 7-1 68.9 33,982.9 72.9 32.6** 14.2 
6-2 + 7-2 415.1 179.1 86.2 35.2** 19.7 
6-2 + 7-3 45.2 31,277.0 166.4 43.9** 19.5 
6-2 + 7-4 130.7 6,993.9 144.0 38.1** 24.1 
^^Significant at the \% level of probability. 
Table 8. (Continued) 
Source of variation 
Experiment Blocks/Experiments Experiments Lines LinesxExperiments Error 
combination (B/E) (E) (L) (LxE) 
6-2 + 7-5 56.9 10,854.5 163.9 37.7** 18.4 
6-3 + 6-4 100.0 9,263.0 183.9 43.5** 33.6 
6-3 + 6-5 133.6 722.7 207.6 31.7 29.4 
6-3 + 7-1 133.1 122,951.5 110.6 50.2** 21.1 
6-3 + 7-2 500.6 17,066.3 133.5 43.3** 28.9 
6-3 + 7-3 109.4 111.4 226.3 39.3** 26.3 
6-3 + 7-4 194.8 6,834.4 193.8 43.5** 30.9 
6-3 + 7-5 121.0 3,858.3 221.1 35.8** 25.3 
6-4 + ON
 1 80.4 4,811.0 163.6 46.5** 34.1 
6-4 + 7-1 79.9 64,719.3 84.4 47.2** 25.7 
6-4 + 7-2 429.7 2,236.1 107.9 39.8 35.1 
6-4 + 7-3 56.2 11,405.8 187.0 49.4** 31.0 
6-4 + 7-4 141.6 184.3 162.7 45.5** 33.6 
6-4 + 7-5 67.8 1,164.8 177.3 50.5** 30.0 
6-5 + 7-1 113.5 ^ 104,821.4 97.7 45.9** 21.6 
6-5 + 7-2 474.8 11,525.4 116.9 42.7** 29.6 
6-5 + 7-3 89.8 1,401.5 207.7 40.7** 26.9 
6-5 + 7-4 175.2 3,122.2 175.7 44.4** 31.4 
6-5 + 7-5 101.4 1,241.3 203.4 36.2** 25.8 
7-1 + 7-2 473.8 29,939.0 51.9 29.1** 18.4 
Table 8. (Continued) 
Source of variation 
Experiment Blocks/Experiments Experiments Lines Lines xExperiments Error 
combination (B/E) (E) (L) (LxE) 
7-1 + 7-3 89.3 130,463.8 118.2 51.7** 18.5 
7-1 + 7-4 174.7 71,810.2 95.5 46,2** 23.1 
7-1 + 7-5 100.9 83,249.3 106.2 55.0** 17.4 
7-2 + 7-3 442.2 19,537.7 148.0 37.9** 25.4 
7-2 + 7-4 556.1 3,486.1 121.8 35.8 31.6 
7-2 + 7-5 457.7 5,905.1 136.2 40.9** 24.0 
7-3 + 7-4 151.0 8,690.3 221.3 25.1 . 28.4 
7-3 + 7-5 77.2 5,280.7 248.5 17.5 22.7 
7-4 + 7-5 162.7 422.5 210.4 27.4 27.3 
Degrees of 
freedom 8 1 239 239 1912 
^Experiment combinations involving experiment 7-2 had 6 and 14^4 degrees of 
freedom for B/E and Error respectively. 
Table 9- Components of variance for lines and lines x experiments from the two-
experiment variance analyses for grain yield 
Experiment 2^ 2 ^ Experiment 2 2 Experiment 2 2 pair 
^LxE pair ^LxE pair ^LxE 
6-1 + 6-2 6.4 1.5 6-2 + 7-4 10.6 2.8 6-5 + 7-1 5.2 4.9 
6-1 + 6-3 7.5 4.6 6-2 + 7-5 12.6 3.8 6-5 + 7-2 9.1 3.5 
6-1 + 6-4 5.7 2.5 6-3 + 6-4 14.0 2.0 6-5 + 7-3 16.1 2.8 
6-1 + 6-5 7.0 3.2 6-3 + 6-5 17.6 0.4 6-5 + 7-4 13.1 2.6 
6-1 + 7-1 2.9 1.1 6-3 + 7-1 6.0 5.8 6-5 + 7-5 16.7 2.1 
6-1 + 7-2 2.3 3.5 6-3 + 7-2 11.0 3.8 7-1 + 7-2 2.7 2.9 
6-1 + 7-3 6.7 6.8 6-3 + 7-3 18.7 2.6 7-1 + 7-3 6.6 6.6 
6-1 + 7-4 4.7 5.0 6-3 + 7-4 15.0 2.5 7-1 + 7-4 4.9 4.6 
6—1 + 7-5 6.6 6.2 6-3 + 7-5 18.5 2.1 7-1 + 7-5 . 5.1 7.5 
6-2 + 6-3 13.0 2.7 6-4 + 6-5 11.7 2.5 7-2 + 7-3 13.5 3.3 
6-2 + 6-4- 9.7 2.1 6-4 + 7-1 3.7 ^ 4.3 7-2 + 7-4 10.7 1.1 
6-2 + 6-5 12.6 1.2 6-4 + 7-2 8.4 1.2 7-2 + 7-5 11.6 4.5 
6-2 + 7-1 4.0 3.7 6-4 + 7-3 13.7 3.7 7-3 + 7-4 19.6 0.0 
6-2 + 7-2 6.1 4.1 6-4 + 7-4 11.7 2.0 7-3 + 7-5 23.1 0.0 
6-2 + 7-3 12.2 4.9 6-4 + 7-5 12.7 4.1 7-4 + 7-5 18.3 0.0 
2 2 
and are variance components for lines and lines x experiments, 
respectively. 
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Table 10. Banking from high to low of experiment pairs accord­
ing to magnitude of lines x experiments variance 
components for grain yield 
Experiment Experiment Experiment 
Rank • pair Rank pair Rank pair 
1 7-1 + 7-5 l6 7-2 + 6-3 31 6-1 + 6-4 
2 6-1 + 7-3 17 6-2 + 7-1 32 6-2 + 6-4 
3 7-1 + 7-3 18 6-4 + 7-3 33 6-3 + 7-5 
4 6-1 + 7-5 19 6-1 + 7-2 34 6-5 + 7-5 
5 7-1 + 6-3 20 7-2 + 6-5 35 6-3 + ON
 
6 6-1 + 7-4 21 7-2 + 7-3 36 • 6-4 + 7-4 
7 7-1 + ON
 1 22. 6-1 + 6-5 37 6-1 + 6-2 
8 6-2 + 7-3 23 7-1 + 7-2 38 6-2 + 6-5 
9 6-1 + 6-3 24 6-2 + 7-4 39 6-4 + 7-2 
10 7-1 + 7-4 25 6-5 + 7-3 • 4o 6-1 + 7-1 
11 7-2 + 7-5 26 6-2 + 6-3 4l 7-2 + 7-4 
12 7-1 + 6-4 27 6-3 + 7-3 42 6-3 + 6-5 
13 6-2 + 7-2 28 6-5 + 7-4 43 7-4 + 7-5 
14 6-4 + 7-5 29 6-3 + 7-4 44 7-3 + 7-4 
15 6-2 + 7-5 30 6-4 + 6-5 45 7-3 + 7-5 
variance component from the nine pairs in which the experiment 
was involved (Table 12). The two low fertility experiments 
(6-1 and 7-1) gave mean interaction variance components of 4.6 
and 3.8 which are the highest values, and the low density 
experiments (6-4 and 7-4) produced mean values of only 2.7 and 
2.3. When like environments from the two years were averaged, 
the order from highest to lowest for mean lines x experiments 
interaction variance components were low fertility, high 
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Table 11. Ranking from high to low of experiment pairs accord­
ing to magnitude of genotypic variance components 
for grain yield 
Experiment Experiment Experiment 
Rank pair Rank pair Rank pair 
1 7-3 + 7-5 16 6-2 + 7-5 31 6-1 + 7-5 
2 7-3 + 7-4 17 6-2 + 6-5 32 7-1 + 7-3 
3 6-3 + 7-3 18 6-2 + 7-3 33 6-1 + 6-2 
4 6-3 + 7-5 19 6-4 + 7-4 34 6-2 + 7-2 
5 7-4 + 7-5 20 6-4 + 6-5 35 6-3 + 7-1 
6 6-3 + 6-5 21 7-2 + 7-5 36 6-1 + 6-4 
7 6.-5 + 7-3 22 6-3 + 7-2 37 6-5 + 7-1 
8 6-5 + 7-5 23 7-2 + 7-4 38 7-1 + 7-5 
9 6-3 7-4 24 6-2 + 7-4 39 7-1 + 7-4 
10 6-3 + 6-4 25 6-2 + 6-4 40 6-1 + 7-4 
11 6-4 + 7-3 26 6-5 + 7-2 4l 6-2 + 7-1 
12 7-2 + 7-3 27 6-4 + 7-2 42 6-4 + 7-1 
13 6-5 + 7-4 28 6-1 + 6-3 43 6-1 + 7-1 
14 6-2 + 6-3 29 6-1 + 6-5 44 7-1 + 7-2 
15 6-4 + 7-5 30 6—1 + 7-3 45 6-1 + 7-2 
productivity, late plating, high density and low density, 
respectively (Table 13). 
For each experiment I also calculated the mean lines 
variance component across the nine pairs in which an experi­
ment was involved (Table l4). The two low fertility experi­
ments gave mean lines variance components of 5-5 and 4.6, which 
are the lowest values in Table l4. The high productivity ex­
periments (6-3 and 7-3) produced the highest mean values of 
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Table 12. Mean lines x experiments variance components for 
grain yield when averaged for ten experiments 
Experiment 2 
^LxE 
7-1 4.6 
6-1 . 3.8 
7-5 3.4 
7-3 • 3.4 
7-2 3.1 
6-2 3.0 
6-3 2.9 
6-4 2.7 
6-5 2.6 
7-4 2.3 
Table 13. Mean lines x environments variance components for 
grain yield for five environments 
Environment 2 
^LxE 
Low fertility 4.2 
High productivity 3.1 
Late planting 3.0 
High density 3.0 
Low density 2.5 
1^.5 and 13.5- When like environments from the two years were 
averaged the order from highest to lowest from mean lines vari­
ance components were high productivity, high density, low dens­
ity, late planting and low fertility, respectively (Table 15)... 
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Table l4. Mean genotypic variance components for grain yield 
when averaged for the ten experiments 
2 Experiment cr^ 
7-3 14.5 
7-5 13.9 
6-3 13.5 
6-5 12.2 
7-4 12.1 
6-4.- • 10.1 
6-2 9.7 
7-2 8.4 
6-1 5.5 
7-1 4.6 
Table 15. Mean genotypic variance components for grain yield 
when averaged for the five environments 
2 Environment 
High productivity l4.0 
High density 13.0 
Low density 11.1 
Late planting 9.0 
Low fertility 5.0 
The average effect of low fertility to the lines x 
experiments variance components (4.2) was relatively high when 
compared to the average effects of high productivity (3.1), 
late planting (3.0), high density (3.0) and low density (2.5). 
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However, the average lines variance component for low fertility 
was the lowest for any environment. As a matter of fact, the 
magnitude of the mean lines variance component at 5«0, was not 
much larger than the mean lines x experiments variance com­
ponent at 4.2. In contrast, mean lines and lines x experiments 
variance components were 9.0 and 3.0, respectively, for late 
planting, 11.1 and 2.5 respectively, for low density, 13-0 and 
3.0, respectively, for high density, and l4.0 and 3.1, respec­
tively, for high productivity. Thus the lines variance com­
ponents were greater than the lines x environments variance 
components by 1.2 times for the low fertility, but by 3-0, 
4.4, 4.3 and 4.? times for late planting, low density, high 
density and high productivity, respectively. These results 
indicate that grain yield production of oat lines was more 
consistent across the latter four test environments than with 
low fertility. A high productivity environment would be the 
most efficient of those assayed since it gave a high mean 
genotypic variance component, i.e., l4.0, and a relatively low 
lines X experiments variance component. Of course, this does 
not take heritability percentage into account as a factor in t 
•the success from selection. 
The phenotypic and genotypic correlations for grain yields 
among experiments are also useful for studying interactions 
among environments. In a sense, correlations provide evidence 
reciprocally to that provided through lines x experiments vari­
ance components, that is, low correlations Indicate interactivity 
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and high correlations indicate similar reactions in two experi­
ments. All phenotypic correlations were positive and signifi­
cant at the 0.01 level of probability (Table l6). The geno-
typic correlations were all positive and consistently higher 
than the corresponding phenotypic correlations (Table 1?). 
Three were greater than 1.0. The lowest correlations were 
associated with two experiments, low fertility and late plant­
ing in 1967 (7-1 and 7-2). Of the 17 correlations below 0.51, 
16 were from pairs of experiments which involved one of these 
two. The highest correlations seemed to be associated with the 
high productivity experiment in I967 (7-3). The range of the 
nine correlations in which this experiment was involved was 
from 0.50 to 0.87J with a pooled value of 0.72. The pooled 
values and ranges for intra- and interannual phenotypic corre­
lations for the ten experiments are given in Table l8a. In 
every case except the low fertility experiment in I967 (7-1)s 
the pooled intra-annual correlation was larger than the corre­
sponding interannual value. This indicates that there was a 
better correspondence between the yields of the oat lines with­
in a year than between years. The highest intra-annual pooled 
correlation was 0.72 for the high productivity experiment (7-3) 
in 1967 and the highest interannual value was 0.64 for the high 
density experiment in I967 (7-5). The greatest difference be­
tween the intra- and interannual pooled correlations was 0.59 
and 0.44, respectively, for the low fertility experiment in 
1966 (6-1). 
Table l6. Phenotyplc correlations between grain yields of lines tested In 
different experiments 
Experiment 
Experiment 6-1 6-2 6-3 6-4 6-5 7-1 7-2 7-3 7-4 7-5 
6-1 
6-2 0.6f** -
6-3 0.59** 0 .67** -
6-4 0.51** 0.57** 0.62** -
6-51 0.59** 0.70** 0 .74** 0 .56** -
7-1 0.45** 0.41** 0.47** 0.33** 0.43** -
7-2 0.33** 0.39** 0.46** 0.41** 0.41** 0.35** -
7-3 0.51** 0 .61** 0.70** 0.59** 0.68** 0.50** 0 .56** -
7-4 0.40** 0.59** 0.63** 0.56** 0.60** 0.4l** 0 .50** 0.80** 
7-5 0.52** 0.65** 0.72** 0.56** 0.70** 0.39** 0 .49** 0.87** 0.77** 
Significant at the Vfo level of probability. 
Table 17• Genotypic correlations between grain yields of lines tested in 
different experiments 
Experiment 
Experiment 6-1 6-2 6-3 6-4 6-5 7-1 7-2 7-3 7-4 7-5 
6-1 
6-2 0.92 
6-3 0.81 0.87 -
6-4 0.79 0.82 0.90 
6-5 0.85 0.92 0.98 0.83 
7-1 0.72 0.60 0.68 0.54 0.65 
7-2 0.63 0.68 0.81 0.82 0.75 0.70 
7-3 0.68 0.75 0.88 0.82 O.87 O.70 0.95 
7-4 0.59 0.80 0.86 0.86 O.83 0.64 0.94 1.0 
7-5 0.69 0.80 0.89 0.78 0.89 0.56 0.84 1.0 1.0 
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Table l8a. Pooled values and ranges of intra- and inter-annual 
phenotypic correlation for the ten experiments 
Correlations 
Experiment Intra-annual Inter-annual 
Pooled Range Pooled Range 
6-1 0.59 0.51-0.67 0.44 0.33-0.52 
7-1 . 0.41 0.33-0.50 0.42 0.33-0.47 
6-2 0.66 0.57-0.70 0.54 0.39-0.65 
7-2 0.48 0.35-0.56 0.40 0.33-0.46 
6-3 0.67 0.59-0.74 0.60 0.46-0.72 
7-3 0.72 0.50-0.87 0.62 0.51-0.70 
6-4 0.57 0.51-0.62 0.50 0.33-0.59 
7-4 0.65 0.41-0.80 0.55 0.40-0.63 
6-5 . 0.65 0.56-0.74 0.58 0.41-0.70 
7-5 0.68 0.39-0.87 0.64 0.52-0.72 
In a plant breeding program the ranked rather than abso­
lute yield values are, in fact, used as a basis for selection. 
•Therefore, rank correlations for grain yield of lines in dif­
ferent environments were calculated and the results are given 
in Table l8b. The lowest correlations were associated with 
the low fertility experiments. Of the l4 correlations below 
0.40, 12 were from pairs of experiments which involved low 
fertility. Correlations calculated among the normal fertility 
experiments were similar and relatively high. 
Both the phenotypic and rank correlations lead to similar 
interpretations of performance in relation to environments. 
Each environment, except those of low fertility, tended to 
Table l8b. Rank correlations between grain yields of lines tested in nine 
experiments 
Experiment 
Experiment 6-1 6-2 6-3 6-4 6-5 7-1 7-3 7-4 7-5 
L 
6-1 
6-2 0.47 
6-3 0.40 0.47 
6-4 0.33 0.40 0.44 -
6-5 0.41 0.50 0.53 0.39 -
7-1 0.29 0.28 0.31 0
 
H
 
0.27 -
7-3 0.38 0.44 0.53 0.43 0.49 0.34 -
7-4 0.31 0.42 0.47 0.38 0.42 0.29 0.60 -
7-5 0.38 0.46 0.54 0.40 0.51 0.27 0.69 0.57 
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order the yields of lines in a manner similar to the order in 
other normal fertility environments. In other words, the re­
sults indicated that oat lines should show a similar relative 
performance in all test environments except those of low 
fertility. 
In general, all of the phenotypic correlations were good. 
They indicate that when viewed across both years, the high 
productivity environment would be best for predicting oat 
lines that would produce well in the other environments, with 
the possible exception of low fertility. The low fertility 
environment would be the least desirable for predicting the 
productivity of oat lines. 
Herein, I have tried to define the environment that would 
be least interactive with other environments. Another way of 
looking at this, is that I am trying to determine which of the 
environments is best for predicting the relative productive 
capacity of the oat lines in other environments as well as in 
the test environment. The highest pooled correlations were 
associated with the high productivity environments indicating 
that the order of the yields of oat lines in this environment 
would be similar to the order in other environments, with the 
possible exception of low fertility. In contrast, the low 
fertility environment had low pooled correlations indicating 
that it would order the oat line yields differently than the 
340 
orders in other environments. The variance components for 
lines X experiments Interaction also show the high productivity 
and the low fertility environments to be the best and least 
desirable for predicting oat line productivity across a series 
of environments. In the high productivity environment the 
lines variance component was 4.7 times larger than the lines x 
experiment variance component whereas in the low fertility 
environment the ratio was only 1.2. 
When all factors are considered, i.e., magnitude of intra-
(0.67 and 0.72) and interannual (O.6O and 0.62) correlations, 
magnitude of lines variance component (l4.0) and ratio of 
lines to lines x experiments variance components (4.7), the 
high productivity environment appears to be the best one for 
practicing selection. It provided the greatest genotypic dif­
ferentiation and relatively speaking caused the 'least inter­
action with the other environments. Of course, the low and 
high density environments were also good ones for testing, but 
were slightly Inferior to the high productivity environment. 
The choice of the high productivity environment as the 
most desirable for predicting the performance of oat lines in 
other environments was based primarily on the magnitude and 
nature of the genotype x environment interaction. The magni­
tude of the lines x experiments variance component was very 
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small in comparison with the variance component for lines. 
Also, a large portion of the interaction variation component 
was attributable to the years x lines effect, which is beyond 
the control of the plant breeder. 
Herltability and Expected Genetic Gain 
The experiment means and ranges of oat line means for the 
six attributes studied in the ten experiments are given in 
Tables 19 and 20. Heading date was not measured in experi­
ments 6-1 and 7-1 at Kanawha and 6-3 and 6-5 at Ames. The 
Kanawha tests were too distant to permit dally note taking and 
the latter two Ames tests lodged early in the season. Due to 
mouse damage in experiment 7-2 (late planting in I967) measure­
ments were taken on only three replicates.-
The late planted experiments (6-2 and 7-2) were nine days 
later in heading than those planted on the normal date (6-4, 
7-3, 7-4 and 7-5), but the length of the period from planting 
date to heading was about three weeks less than that in the 
experiments planted at normal dates. The shortest plant 
heights (67-7 and 77*9 cm.) were produced in the low fertility 
experiments (6-1 and 7-1), whereas the low density experiments 
(6-4 and 7-4) produced the tallest plant heights.(90.8 and 
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Table 19. Experiment means and ranges of oat line means for 
heading date, plant height and number of panicles 
per plot 
Heading date Plant height Panicles per plot 
Experiment Mean Range Mean Range ' Mean Range 
6-1 - 67.7 
[>
-
0
0 1 
0
 0 24.9 16.3-44.7 
6-2 28.5 24.5--33.5 85.3 71.0-102. 0 29.2 18.0-41.7 
6-3 - 86.4 67.0-104. 0 30.4 23.7-41.3 
6-4 19.5 13.5--26.0 90.8 75.0-114. 0 20.8 12.7-31.7 
6-5 - 85.6 67.0-104. 0 40.2 28.3-51.0 
7-1 - 77.9 
ON ON 1 0 
ON vn 
0 28.1 22.3-32.0 
7-2 24.4 19.5--31.0 86.1 71.0-102. 0 45.2 34.0-58.7 
7-3 15.6 9.0--22.5 89.6 71.5-114. 5 44.7 32.0-63.3 
7-4 16.3 9.5--23.5 96.6 78.5-121. 5 30.9 22.0-43.0 
7-5 15.2 9.5--22.5 85.8 67.5-109. 0 58.6 42.0-81.0 
Table 20. Experiment means and ranges of oat line means for 
100-seed weights, number of spikelets per five 
panicles and grain yield 
Spikelets per 
100-seed weight five panicles Grain yield 
Experiment Mean Range Mean Range Mean Range 
6-1 2.77 2.14-3.41 77.1 49.0-119.3 15.0 9.0-22.8 
6-2 2.40 1.85-3.05 102.6 60.0-160.0 23.2 12.8-32.2 
6-3 2.64 2.17-3.10 92.0 55.7-141.3 30.0 15.6-45.4 
6-4 2.51 1.97-3.17 130.0 75.3-231.0 26.1 14.6-40.0 
6-5 2.71 2.20-3.39 78.0 44.3-122.7 28.9 15.8-42.8 
7-1 3.13 2.39-3.69 64.7 40.7- 97.7 15.7 8.8-26.0 
7-2 2.58 1.94-3.21 93.1 60.3-160.0 23.8 8.7-35.0 
7-3 2.66 2.15-3.29 82.0 56.3-114.7 30.4 16.4-47.2 
7-4 2.73 2.13-3.32 110.8 72.0-164.3 26.6 15.0-39.4 
7-5 2.60 2.15-3.20 71.5 46.3-103.3 27.5 14.4-41.6 
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96.6 cm.). The high density experiments (6-5 and 7-5) produced 
intermediate plant heights. Number of panicles per plot showed 
a decided year effect. For each type of environment except 
low fertility, there was approximately 50 percent more panicles 
per plot in 1967 than in I966. Also, the ranges among line 
means were greater in the I967 experiments than in their I966 
counterparts, indicating greater genotypic differentiation in 
1967. 
The mean number of spikelets per five panicles was 
greatest in the low density experiments (6-4 and 7-4J in both 
years, whereas the lowest means were produced in the low fer­
tility experiments (6-1 and 7-1). It is noteworthy that the 
late planted experiments (6-2 and 7-2) produced high numbers 
of spikelets per five panicles. Prey (1959) n.oted a similar 
reaction with Andrew variety. The largest ranges among line 
means occurred in the late planting and low density experi­
ments. In experiment 6-4 the range was from 75.3 to 231.0. 
In both years, the highest mean 100-seed occurred in the low 
fertility experiments (6-1 and 7-1) and the lowest means 
occurred in the late planted experiments (6-2 and 7-2). The 
mean grain yields were very similar for like environments from 
year to year. The yields produced in the low fertility experi­
ments (15.0 and 15.7 g.) were only half as large as those in 
the high fertility experiments (30.0 and 30.4 g.). Apparently, 
the low and high density planting rates were below and above 
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optimum, respectively, since both produced lower grain yields 
than did the normal rate (6-3 and 7-3). Also in each year, the 
greatest range in grain yields of oat lines occurred in the 
high productivity experiment, being 30 g. or double the lowest 
line mean. 
The frequency distributions of oat line means in the ten 
experiments for heading date, plant height, number of panicles 
per plot, weight per 100 seeds, number of spikelets per five 
panicles and grain yield are presented in Tables 21 through 26. 
Mean squares from the analyses of variance for the six 
attributes in each experiment are given in Table 2?. For 
heading date, plant height, 100-seed weight and grain yield, 
the mean squares "among lines" were highly significant in all 
ten experiments. The lines mean squares for panicles per plot 
were highly significant in all experiments except 6-3 and 7-1, 
and for spikelets per five panicles in all but experiment 7-4. 
In two of the exceptions 6-3 and 7-4,- the mean squares were 
significant at the 5% level. 
The coefficients of variation (C.V.) for the six attri­
butes in each experiment, and the mean C.V.'s across all experi­
ments are given in Tables 27 and 28, respectively. The C.V.'s 
reported herein are similar to those reported by Prey (I965). 
Leininger (1959) found a C.V. of 14 percent for grain yield 
with hill plots, but usually the C.V. for this trait is 18 
percent or higher. No one experiment produced the highest 
C.V.'s for all attributes. The experiment with the highest 
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Table 21. Frequencies of oat lines in heading date classes 
in ten experiments 
Class center 
(days)a 6-2 6-4 
Experiment 
7-2 7-3 7-4 7-
8.5 
9.5 1 1 1 
10.5 
11.5 2 5 
12.5 10 4 8 
13.5 2 , 13 18 42 
14.5 1 63 30 55 
15.5 6 44 48 40 
l6.5 24 42 30 32 
17.5 24 4l 51 25 
18.5 31 15 25 19 
.19.5 45 1 8 17 10 
20.5 38 6 1 11 1 
21.5 27 15- 1 1 1 
22.5 21 24 1 1 
23.5 13 47 2. 
24.5 1 4 47 
25.5 7 2 38 
26.5 20 2 29 
27.5 62 18 
28.5 55 9 
29.5 42 3 
30.5 17 2 
31.5 • 14 1 
32.5 15 
33.5 7 
^Number of days after May 31. 
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Table 2 2 .  Frequencies of oat lines in plant height classes in 
ten experiments 
Class center 
(cm, ) 6-1 6-2 6-3 6-4 
Experiment 
6-5 7-1 7-2 7-3 7-4 7-
57.0 2 
6l.O 25 1 
65.0 74 3 
69.0 76 2 1 14 1 
73.0 4l 4 10 9 54 2 3 8 
77.0 18 22 24 6 18 63 12 12 1 22 
81.0 1 56 38 25 53 53 42 32 3 50 
85.0 58 47 34 56 40 79 46 10 57 
89.0 1 54 47 55 48 8 58 40 35 51 
93.0 36 37 44. 36 3 34 46 44 28 
97.0 8 26 46 16 11 34 53 14 
101.0 2 2 8 19 2 1 2 21 53 6 
105.0 1 7 1 3 31 2 
109.0 3 6 1 
113.0 1 3 1 
117.0 2 
121.0 1 
. 4l 
Table 23. Frequencies of oat lines in number of panicles per 
plot classes in ten experiments 
Class center 
6-1 6-2 6-3 6-4 
Experiment 
6-5 7-1 7-2 7-3 7-4 7-5 
14.0 12 
18.0 10 1 84 
22.0 65 17 1 105 3 3 
26.0 140 69 47 36 100 44 
30.0 24 94 119 3 5 134 95 
34.0 48 66 , 26 3 5 7 78 
38.0 8 7 83 38 39 16 
42.0 3 84 58 65 4 1 
46.0 1 39 72 65 4 
50.0 3 34 37 28 
j4.0 25 21 53 
58.0 8 4 46 
62.0 2 59 
66.0 32 
70.0 10 
74.0 6 
78.0 
82.0 1 
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Table 24. Frequencies of oat lines in number of spikelets per 
five panicles classes in ten experiments 
Class center Experiment 
6-1 6-2 6-3 6-4 6-5 7-1 7-2 7-3 7-4 7-5 
44.5 1 3 13 2 
54.5 15 2 16 73 7 31 
64.5 58 2 18 51 91 13 33 87 
74.5 80 18 43 3 73 43 45 76 6 68 
84.5 48 49 50 10 52 13 65 60 16 36 
94.5 24 48 6l 18 20 7 40 38 43 12 
104.5 10 44 37 26 17 36 23 54 4 
114.5 4 35 14 32 6 22 3 6o 
124.5 20 7 36 1 15 26 
134.5 12 5 39 2 17 
144.5 10 3 29 1 10 
154.5 1 16 7 
164.5 1 10 1 1 
174.5 8 
184.5 8 
194.5 2 
204.5 2 
214.5 
224.5 
234.5 1 
43 
Table 25. Frequencies' of oat lines in 100-seed weight classes 
in ten experiments 
Class center Experiment 
(gm.) 6-1 6-2 6-3 6-4 6-5 7-1 7-2 7-3 7-4 7-5 
1.75 
1.85 3 
1.95 4 1 1 
2.05 9 2 3 
2.15 2 22 4 11 11 2 3 3 
2.25 7 40 8 22 7 22 6 6 15 
2.35 14 46 28 38 18 1 20 23 10 29 
2.45 17 48 26 43 21 27 29 21 33 
2.55 17 27 39 47 22 3 4o 30 34 46 
2.65 35 19 42 29 44 10 44 43 35 35 
2.75 38 14 43 26 46 i4 30 47 35 37 
2.85 38 5 19 14 36 18 17 28 32 22 
2.95 29 2 17 5 21 27 10 17 34 11 
3.05 19 1 9 1 15 36 8 9 7 5 
3.15 10 5 1 9 34 6 5 15 2 
3.25 10 33 1 1 4 3 
3.35 3 1 36 4 
3.45 1 7 
3.55 l4 
3.65 7 
3.75 
3.85 
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Table 26. Frequencies of oat lines in grain yield classes in 
ten experiments 
Class center 
(gtn. ). 6-1 6-2 6-3 6-4 
Experiment 
6-5 7-1 7-2 7-3 7-4 7-5 
9.0 4 3 1 
11.0 17 8 
13.0 62 3 42 
15.0 78 3 1 2 1 74 2 2 1 
17.0 49 11 1 1 3 69 14 1 3 5 
19.0 ' 21 31 4 13 1 35 20 3 9 13 
21.0 6 40 7 24 9 6 36 9 32 16 
23.0 3 49 14 42 18 2 54 13 28 28 
25.0 42 19 42 30 44 22 28 32 
27.0 38 39 40 48 1 26 31 42 31 
29.0 11 32 30 32 25 34 39 31 
31.0 9 40 25 33 14 29 25 31 
33.0 3 33 8 24 3 32 17 28 
35.0 24 6 27 1 30 10 15 
37.0 12 6 8 22 4 4 
39.0 7 5 5 1 4 
41.0 3 1 6 • 1 
43.0 3 1 1 
45.0 1 1 
47.0 1 
Table 27. Coefficients -of variation and mean squares for lines and error from the 
analyses of variance of the data for six attributes measured in the 
experiments 
Experiment Mean Squares 
and source Heading Plant Panicles 100-seed Splkelets per Grain 
of variation date height per plot weight five panicles yield 
6-1 
Lines"" - 42.4** 24.7** 0.197** 521.2** 31.5 
Errorb - 19.4 12.5 0.025 210.5 10,5 
C.V. - 6.4 13.9 5.7 18.8 21.6 
6 - 2  
Lines 6.7** 66.8** 45.8** 0.132** 1079.5** 73-0** 
Errorb 0.8 10.8 I7.O 0.027 240.1 15.2 
C.V. 3.1 3.9 14.1 6.9 15.0 16.8 
6-3 
Lines - 104.9** 26.6* 0.l43** 855.1** 128.3** 
Errorb - 20.5 19.5 0.020 289.1 28.9 
C.V. -  5.2 14.3 5.4 18.5 17.9 
^Degrees of freedom for lines is 239 in each experiment and for each 
attribute. 
^Degrees of freedom for error are 239 for heading date and plant height, 
478 for panicles per plant, 100-seed weight and splkelets per five panicles, 
and 956 for grain yield. 
*81gnlfleant at the 5% level of probability. 
«-Significant at the 1% level of probability. 
Table 27. (Continued) 
Experiment Mean Squares 
and source Heading Plant Panicles 100-seed Spikelets per Grain 
of Variation date height per plot weight five panicles yield 
•5Î--5J-6-4 Lines 10.8** 93.4** 28.2* 0.130** 2135.3** 99.1 
Errorb 2.1 22.0 17.3 0.031 481.1 38.3 
C.V. 7.2 5.2 19.9 7.0 16.9 23.7 
6-5 
Lines - 78.4** 40.8** 0.149** 659.6** 111.0** 
Errorb - 18.4 23.7 0.021 264.7 29.9 
C.V. 5.0 .12.2 5.3 20.9 18.9 
7-1 
Lines - 64.2** 9.1 0.193** 342.4** 32.6** 
Error'b - 20.8 8.7 0.020 157-6 13.2 
C.V. 5 . 9  10.7 4 . 5  19.4 23.2 
7-2 
Lines 8.6** 50.9** 86.8** O.I88** 877.2** 48.5** 
ErrorC 3.9 22.7 52.7 0.048 452.5 28.8 
C.V. 8.2 5.6 16.1 8.5 22.8 22.5 
^Degrees of freedom for error are 239 for heading and plant height and 478 
for panicles per plant, 100-seed weight, spikelets per five panicles and grain 
yield. 
Table 2?. (Continued) r 
Experiment 
and source 
of variation 
Heading 
date 
Plant 
height 
Mean 
Panicles 
per plot 
Squares 
100-seed 
weight 
Splkelets per 
five panicles 
Grain 
yield 
7-3 
Lines 
Error^ 
6.3** 
0.6 
110.8** 
13.3 
89.5** 
28.5 
0.138** 
0.031 
485.4** 
179.9 
137.3** 
23.8 
C.V. 5.1 4.0 11.8 6.6 16.4 16.0 
7-4 
Lines 
Error^ 
8.9** 
1.3 
90.8** 
17.7 
4l.0** 
28.5 
0.190** 
0.035 
925.5* 
246.4 
109.1** 
32.9 
C.V. 6.7 4.4 17.4 6.9 14.2 21.6 
7-5 
Lines 
Error^ . 
8.0** 
0.7 
90.5** 
10.2 
117.2** 
41.2 
0.144** 
0.035 
389.2** 
143.1 
128.7** 
21.7 
C.V. 5.4 3.7 10.9 7.2 16.7 16.9 
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Table 28. Mean coefficients of variability averaged across 
ten experiments 
Attribute Coefficient of variation 
Heading date 
Plant -height 
Panicles per plot' 
100-seed weight 
Spikelets per five panicles 
Grain yield 
6 . 0  
4.9 
14.1 
6.4 
18.1 
19.9 
C.V.'s were 7-2 for heading date, 6-1 for plant height, 6-4 
for panicles per plot, 7-2 for 100-seed weight, 7-2 for 
spikelets per five panicles, and 7-1 for grain yield. In five 
of the six cases, the experiment with the highest C.V. repre­
sented either late planting or low fertility. 
From the mean squares (Table 27) I calculated the geno-
typic components of variance that are given in Table 2^. 
These variance components can be used to indicate the degrees 
of differential performance of oat lines that were elicited 
in a given experiment. The genotypic variances for heading 
date ranged from 2.4 to 4.3 for the six experiments where data 
were recorded. These data indicate that all environments 
provided a similar degree of genotypic differentiation for 
this trait. The genotypic variances for plant height ranged 
from 11.2 to 48.7. In each year, the high productivity 
Table 29» Estimated components of variance for lines and error for the different 
attributes studied 
Component Attribute 
of Heading Plant Panicles 100-seed Splkelets per Grain 
Experiment Variance date height per plot weight five panicles yield 
6-1 Lines 11.5 4.1 0.057 104 4.2 
Error 
- 19.4 12.5 0.025 211 10.5 
6-2 Lines 3.0 28.0 9.6 0.035 280 11.5 
Error 0.8 10.8 17.0 0.027 240 15.2 
6-3 Lines — 42.2 2.4 0.04l 189 19.9 
Error - 20.5 19.4 0.020 289 28.9 
6-4 Lines 4.3 35.7 3.6 0.033 551 12.2 
Error 2.1 22.0 17.3 0.031 481 38.3 
6-5 Lines — 30.0 5.7 0.043 132 16.2 
Error - 18.4 23.7 0.021 265 29.9 
7-1 Lines — 21.7 0.1 0.058 62 3.9 
Error - 20.8 8.7 0.020 158 13.2 
7-2 Lines 2.4 14.1 11.4 0.047 142 6.6 
Error 3.9 22.7 52.7 0.048 453 28.8 
7-3 Lines 2.8 48.7 20.3 0.036 102 22.7 
Error 0.6 13.3 28.5 0.031 180 23.8 
7-4 Lines 3.8 36.5 4.2 0.051 226 15.2 
Error 1.3 17.7 28.5 0.035 246 32.9 
7-5 Lines 3.7 40.1 25.3 0.036 82 21.4 
Error 0.7 10.2 41.2 0.035 143 21.7 
50 
experiment sown at 32 seeds per hill (6-3 and 7-3) showed the 
largest value (42.2 and 48.?). In both years, the low fertil­
ity (6-1 and 7-1) and late planted (6-2 and 7-2) experiments 
produced the lowest genotypic variances. Obviously, the great­
est genotypic differentiation for plant height was obtained 
with high productivity conditions. 
The genotypic variances for panicles per plot in I966 
ranged from 2.4 in the high productivity experiment (6-3) to 
9.6 in the late planted one (6-2). In I967, the spread was 
from 0.1 in the low fertility experiment (7-1) to 25.3 in the 
densely planted one (7-5). Intuitively, the low density en­
vironment would seem to be the optimum one for obtaining geno­
typic differentiation of oat lines for panicles per plot, 
because with a low seedling stand there is a greater tendency 
for tillers to develop on the plants. With thick stands, low 
fertility and late planting there is a tendency for few if any 
tillers to develop (Johnson, 1965; Prey and Wiggans, 1957). 
As expected, the genotypic variances for the low fertility and 
late planted experiments (7-1 and 7-2) herein were low, but for 
the different seeding rates, the low density produced a low 
genotypic variance (4.2) and the high density produced a high 
one (25.3). Thus, no environment provided a genotypic vari­
ance of satisfactory magnitude in 1966, and in I967 the optimum 
environments for differential genotypic expression of panicles 
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per plot were the high productivity (7-3) and high density 
(7-5) experiments. - -
The genotypic variances for spikelets per five panicles 
ranged from 104 to 551 in I966 and 62 to 226 in I967, and the 
ranking of the environments were in identical order in both 
years. The low density environments (6-4 and 7-^) produced 
the largest values 551 and 226 in both years. The remaining 
order of the environments from high to low genotypic variances 
were late planting, high productivity, dense planting and low 
fertility. Actually, the low density environment was expected 
to provide the highest genotypic variances. In spite of good 
fertility in this environment, the mean number of panicles per 
plot remained low (Table I9), so there was adequate fertility 
for optimizing differential genotypic expression for spikelets 
per panicle. The mean number of panicles per plot in the low 
fertility environment were also low, but in contrast the geno­
typic variances for_spikelets per five panicles were the lowest 
among the five environments. In this case, the low fertility 
that was responsible for low number of tillers per plot also 
restricted the development of spikelets on the panicles. 
The range of genotypic variances for 100-seed weight was 
small, being only from 0.033 to 0.058. In both years the 
highest genotypic variance was obtained in the low fertility 
experiment, but all of the other environments were about 
equally efficient in differentiating genotypes for seed weight. 
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When the environments were ranked according to genotypic 
variances for grain yield, the orders were identical in the 
two years. The order from lowest to highest was low fertility, 
late planting, low density, high density and high productivity. 
Therefore, the high productivity environment (6-3 and 7-3) 
appeared to be the best one for differentiating genotypes for 
grain yield. 
The magnitude of differential performance that an environ­
ment elicits among genotypes is important, but it is only one 
of the factors that contributes to success from selection. A 
second factor that predicts the success from selection is 
heritability. This is a statistic that measures the percentage 
of the selection differential between the means of the total 
population of genotypes and the selected sample that is due to 
genotypic effects. 
Among the five attributes measured in ten experiments 
(heading date was measured in only six), plant height and 
weight per 100 seed (Table 30) had the highest mean heritabil­
ity (6l percent). Number of spikelets per five panicles and 
grain yield had mean heritabilities of 36 and 3^ percent, 
respectively, whereas for panicles per plot the mean was 22 
percent. Since heritability measures that portion of the 
phenotypic effects that will be passed from one generation to 
the next, an environment that produces the highest heritabil­
ity should be the one that is optimum for maximizing genetic 
Table 30. Heritabllity percentages for six attributes measured in the ten 
experiments 
Attribute 
Heading Plant Panicles 100-seed Spikelets per Grain 
Experiment date height per plot weight five panicles yield 
6-1 
- 37 25 69 33 29 
6-2 79 72 36 56 54 43 
6-3 - 67 11 67 40 4l 
6-4- .67 62 19 52 53 24 
6-5 - 62 19 67 33 35 
7-1 - 51 2 74 28 23 
7-2 38 • 38 18 6o 24 19 
7-3 82 79 42 54 36 , 49 
7-4 75 67 13 59 48 32 
7-5 85 80 38 50 36 50 
Mean — 6l 22 6l  36 34 
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gain from selection. For heading date, the heritability 
values were very uniform (from 67 to 85) except in the late 
planted experiment in I967 which had a heritability of 38 
percent. These data indicate that any of the environments 
except the late planting one would provide good predictability 
for selection for heading date. 
Heritability values for plant height ranged from 37 to 
80. The low fertility environment produced relatively low 
heritability values In-both years (37 and 51» respectively), 
whereas the late planting environment produced a high value 
(72) in 1966 but a low one (38) in 1967. The other three en­
vironments, i.e., normal, low and high density seeding rates 
on high fertility, all produced high heritability values (i.e., 
above 62 percent) for plant height. Actually, the normal and 
high seeding rate environments were the best ones for maximiz­
ing heritability of this trait when averaged across years. 
Their mean heritability values were 73 and 71> respectively 
(Table 31). The heritability values for panicles per plot 
showed marked inconsistencies for the two years. For example, 
in 1966 the highest heritability values were obtained in the 
low fertility and late planted environments (6-1 and 6-2), 
whereas in I967, these environments along with low density 
(7-4) produced the lowest values. In I967, the maximum 
heritabilities were obtained in the high productivity and 
dense seeding rate environments. On the other hand the high 
Table 31. Average herltabllity percentages for the six attributes measured in 
like environments across years 
Attribute 
Heading Plant Panicles 100-seed Spikelets per Grain 
Environment date height per plot weight five panicles yield 
Low fertility - 44 13 71 30 26 
Late planting 58 55 2? 58 39 31 
High productivity 82 73 26 6o 38 45 
Low density 71 64 l6 55 50 28 
High density 85 71 28 58 34 42 
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productivity environment produced the lowest heritability in 
1966. 
For spikelets per five panicles the heritability values 
ranged from 24 to 5^ percent. The low density environment 
showed high and consistent heritability values of 53 and 48 
percent in I966 and I967, respectively, for a mean of 50 
(Table 31). The late planting environment gave a high value 
of 54 in 1966, but a low one of 24 in I967. Both high pro­
ductivity and high density environments showed consistent 
values, ranging from 33 to 40 percent. These results indicate 
that a low density environment would be optimum for maximizing 
the heritability values for spikelets per five panicles. 
Heritability values for 100-seed weight were all quite 
high, ranging from 50 to 74 percent. The environment that 
gave the highest values in each year and the highest mean (72) 
was low fertility. The mean heritabilities for the other four 
environments ranged from 55 to 60 (Table 31), so there was 
little to choose among them. These results show that a low 
fertility environment would be best to maximize heritability 
percentage for seed weight. 
Of course, the attribute which always attracts primary 
interest in selection experiments with oats is grain yield, 
because it is the trait which determines the economics of oat 
production and it is the most elusive in selection experiments. 
Herein heritability values for grain yield ranged from I9 to 
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50 percent. In I966, highest heritability values (4] and 4l 
percent ) were produced by the, late planting and high produc­
tivity experiments, whereas in 1967, the highest values (50 
and 49) were produced by the high density and high productivity 
experiments. The lowest mean heritability values when averaged 
across years were 28 percent for the low density and 26 per­
cent the low fertility environments (Table 31). From the 
standpoint of consistent and highest mean heritability values, 
the high productivity and high density environments were best 
for maximizing heritability for grain yield. 
In general, the relative worth of an environment for 
maximizing the heritability percent ôT'a trait was consistent 
for 1966 and 1967. The exception was the late planted environ­
ment. The heritability values for heading date, spikelets 
per five panicles and grain yield produced by this environ­
ment were high, i.e., 79, 54 and 43, respectively, in I966, 
but low i.e.," 38, 24 and I9, respectively, in I967. In which 
year the late planting experiment was abnormal, is not 
obvious. 
To summarize, the best environment(s) for maximizing 
heritability percentage appeared to be late planting for head­
ing date, high productivity and high density for plant height 
and grain yield, low density for spikelets per five panicles 
and low fertility for 100-seed weight. For number of panicles 
per plot the highest heritability value in either year was 
58 
obtained in the high productivity environment, but this was 
not consistent in both years. 
The statistic that combines all of the features of an 
environment into an expression of the success from selection 
that can be expected to accrue from using it, is the "expected 
genetic gain." The expected genetic gain contains three 
factors, all of which should be maximized for greatest suc­
cess. They are: (a) the selection differential between the 
means of the total population of genotypes and the selected 
sample, usually expressed in standard units. Herein, I used 
a selection intensity of ten percent, i.e., ten percent of the 
original population was saved as parental material for the 
next generation; (b) the phenotypic standard deviation, 
which contains the effects of both environment and genotype; 
and (c) the heritability value. 
For my study the expected genetic gains from selection 
were first calculated in the original units by which the six 
attributes were measured in the ten experiments (Table 32). 
The expected genetic gains for heading date were very similar, 
i.e., from 2.7 to 3.1 days in all experiments except the late 
planted one (7-2) which showed a gain of 1.7 days. The late 
planted experiment in I966 (6-2) provided a gain of 2.7 days. 
The maximum gain in earliness that could be expected from this 
population of oat lines was about three days and any environ­
ment except 7-2 could have been used to obtain it. 
Table 32. Expected genetic gain from selection (10^ selection intensity) in 
original units for the six attributes measured in the ten experiments 
Experiment 
Heading 
date 
(days) 
Plant 
height 
(cm.) 
Attribute 
Panicles 100-seed 
per plot weight 
(No.) (gm.) 
Spikelets per 
five panicles 
(No. ) 
Grain 
yield 
(gm. ) 
6-1 
- 3.6 1.8 0.34 10.2 1.9 
6-2 2.7 7.8 3.2 0.24 21.4 3.9 
6-3 — 9.2 0.9 0.29 14.8 5.0 
6-4 3.0 8.2 1.3 0.23 29.6 3.0 
6-5 - 7.5 1.8 0.29 11.4 4.1 
7-1 - 5.8 0.1 0.36 7.2 1.6 
7-2 1.7 4.0 2.5 0.32 10.2 a.  0 
7-3 2.7 10.8 5.1 0.24 10.5 5.8 
7-4 2.9 8.6 1.3 0.30 18.2 3.9 
7-5 3.1 9.9 5.4 0.23 9.4 5 . 7  
Mean 2.7 7.5 2.3 0.28 14.3 3 . 7  
6o 
For plant height the low fertility and late planting 
environments were decidedly inferior for maximizing expected 
genetic gains. The high productivity environment showed the 
largest expected genetic gains and 10.8 cm. respectively) 
in both years. The high and low density environments produced 
mean expected genetic gains of 8.4 and 8.7 cm. respectively, 
(Table 33)> so they would also be quite satisfactory for 
selecting for plant height. Apparently, maximum expected 
genetic gain from selection for plant height would occur in 
either a high productivity or high density environment. 
The expected genetic gains from selection for panicles 
per plot showed the same inconsistencies found for heritability 
values. In I966, the greatest expected genetic gain was ob­
tained in the late planting environment (6-2), whereas in 
1967, the best environment was the densely planted one (7-5)• 
Apparently, the maximum gain possible was about three panicles 
per plot in either the high density, late planting or high 
productivity environments (Table 33). 
In both years, the environment that provided the maximum 
expected genetic gains from selection for number of spikelets 
per five panicles was the low density one (6-4 and 7-4). The 
expected gains with this environment were 29.6 and 18.2 in I966 
and 1967 J respectively. The mean expected gain across all 
environments was 17.5 spikelets in I966, and 11.1 in 1967, 
indicating that the former year provided greater progress from 
Table 33* Average expected genetic gain from selection (10% selection 
intensity) in original units for the six attributes measured in like 
environments across years 
Environment 
Heading 
date 
(days) 
Plant 
height 
(cm.) 
Attribute 
Panicles 100-seed 
per plot weight 
(No.) (gm.) 
Spikelets per 
five panicles 
(No.) 
Grain 
yield 
(gm. ) 
Low fertility - 4.7 0.9 0.35 8.7 1.7 
Late planting 2.2 5.9 2.8 0.28 15.8 2.9 
High productivity 2.7 10.0 3.0 0.26 12.6 5.4 
Low density 2.9 8.4 1.3 0.26 23.9 3.4 
High density 3.1 8.7 3.6 0.26 10.4 4.9 
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selection for spikelets per five panicles than did the latter. 
Low fertility and high density would be the poorest environ­
ments for selecting for spikelets per five panicles. 
The expected genetic gain from selection for 100-seed . 
weight ranged from 0.23 to O.36 with the largest values of 
0.34 and 0.36 being from the low fertility experiments. These 
data indicate that a low fertility environment would allow for 
maximum genetic gain from selection for seed weight. 
The lowest expected genetic gains from selection for 
grain yield occurred in the low fertility environment in both 
years, whereas the largest gains of 5.0 and 5.8 in I966 and 
1967, respectively, were obtained in the high productivity 
environment. The high density environment was second best in 
both years. These results indicate that maximum genetic prog­
ress from selection for grain yield would be attained in 
either a high productivity or high density environment. 
When expected genetic gains from selection are expressed 
in the original units of measurement, e.g., dates, grams, 
numbers, it leads to difficulty in making comparisons between 
environments and/or traits. In the first case, the magnitudes 
of expected genetic gains tend to be related to the means of 
the respective experiments, and in the latter case, expected 
genetic gains cannot be summed or averaged across traits 
because the units of measurement among them differ. To cir­
cumvent these problems, I calculated all of the expected 
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genetic gains relative to the means of the experiments. These 
percentages for each experiment are presented in Table 34. 
The relative genetic gain for heading date ranged from ? to 20 
percent, and the late planting environment gave gains (9 and ? 
percent) that were about half as large as those in the other 
experiments in which this trait was measured. All of the 
planting rate environments produced high relative genetic 
gains. For plant height, the maximum relative genetic gain 
(11 percent) occurred in the high productivity environment in 
1966, whereas in I967 the optimum environment was high density 
with a genetic gain of 15 percent. In contrast, when the gain 
was expressed in the original units, i.e., cm. the high pro­
ductivity environment was optimum in both years. The lowest 
relative genetic gains were produced in the low fertility 
environments in both years and the late planting environment 
in 1967. These data suggest that either the high productivity 
or high density environment would be the best for maximizing 
relative genetic gain from selection for plant height. 
For panicles per plot, the relative genetic gain was 
highest (11 percent) in I966 in either the late planting or 
low density environments, whereas when original units were used 
the gain of 1.3 panicles per plot in the low density experiment 
was fourth in rank among the five experiments. In I967, the 
high productivity experiment produced the maximum relative 
genetic gains. Since the environments that produced maximum 
Table 3^• Expected genetic gain from selection {2-0% selection intensity) as 
percentage of the mean for the six attributes measured in the ten 
experiments 
Experiment 
Heading 
date 
Plant 
height 
Attribute 
Panicles 100-seed 
per plot weight 
Spikelets per 
five panicles 
Grain 
yield 
6-1 - 5 7 12 13 13 
6-2 9 9 11 10 21 17 
6-3 - 11 3 11 16 17 
6-4 15 9 11 8 23 11 
6-5 - 9 4 11 15 l4 
7-1 - 7 0 11 11 10 
7-2 7 5 6 12 11 8 
7-3 17 12 11 9 13 19 
7-4 18 9 4 11 l6 15 
7-5 20 15 9 9 12 21 
Mean 13 9 7 10 15 15 
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relative genetic gains were not consistent from year to year, 
the optimum environment for selecting for panicles per plot 
was not apparent. 
The relative genetic gains for'spikelets per five panicles 
were highest in the low density environment in both years (23 
and 16 percent in I966 and I967, respectively). The late 
planting environment in I966 also produced a relative genetic 
gain of 21 percent. The relative genetic gains from the other 
four environments in I967 ranged from 11 to 13 and the other 
three in I966 ranged from 13 to I6. These results indicate 
that maximum relative genetic gain from selection for spikelets 
per five panicles would be achieved in a low: density 
environment. 
The relative genetic gains for 100-seed weight only 
ranged from 8 to 12 percent so there is little evidence that 
any environment was superior for selecting for this trait. 
The relative genetic gains for grain yield ranged from 
8 to 21 percent, and the high productivity environment showed 
the values of 17 and I9 percent in I966 and I967, respectively. 
Also, high values of 17 and 21 percent were produced by the 
late planting and high density environments in I966 and I967, 
respectively. The low fertility environment produced low 
relative genetic gains in both years. When averaged across 
both years the high productivity and high density environments 
produced maximum relative genetic gains of 18 and 17 percent 
from selection for grain yield (Table 35)-
Table 35• Average expected genetic gain from selection (10^ selection 
intensity) as percentage of the mean for the six attributes measured 
in like environments across years 
Attribute 
^ Heading Plant Panicles 100-seed' Spikelets per Grain 
Environment date height per plot weight five panicles yield 
Low fertility 
-
6 3 11 12 11 
Late planting 8 7 8 11 16 12 
High productivity 17 11 7 10 14 18 
Low density 16 9 7 ,9 19 13 
High density , 20 12 6 10 13 17 
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l\nien a comparison was made among traits, the lowest mean 
relative genetic gains of 7 percent was found for panicles per 
plot, whereas the greatest gains of 15 percent were found for 
spikelets per five panicles and grain yield. When averaged 
across the five traits measured in all experiments, the rela­
tive genetic gains for the low fertility, late planting, high 
productivity, low density and high density environments were 9> 
11, 12, 12 and 12 percent, respectively. 
A pertinent question is—do the same environments maximize 
expected genetic gains and heritability? Already we have seen 
that genetic gain expressed in original units and percentage 
of the mean are not necessarily maximized by the same environ­
ment,. Heritability measures the genetic effects of an attri­
bute that are passed from one generation to the next, so an 
environment that gives the highest heritability also should 
maximize genetic gain from selection for an attribute if the 
variance remains constant. The expected genetic gain from 
selection is based on three components heritability, phenotypic 
standard deviation and selection differential and in a sense 
is the standard against which other estimators of genetic 
progress from selection must be compared. When the expected 
genetic gain from selection is expressed as a percentage of the 
mean it allows the most meaningful comparisons of genetic 
progress among attributes and among environments and probably 
breeding programs. 
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The environments that produced the greatest heritability 
and the greatest genetic advances expressed in original units 
and percentages of the means for the six attributes are given 
in Table 36. The choice of an environment which maximizes 
genetic gain is related to the attribute being selected. The 
high productivity and high density environments would be the 
best for maximizing heritability and genetic gain from selec­
tion for plant height. This result differs from the report of 
Weber (1957) who found no differences for plant height among 
groups of soybean lines selected at several population 
densities. 
The heritabilities and expected genetic gains from selec­
tion for panicles per plot was not consistent for like environ­
ments in the two years. Therefore, no pattern was apparent and 
the data were considered as not being definitive. Additional 
experiments would be needed to determine whether one of these 
environments would consistently maximize heritability and 
genetic gain for panicles per plot. Low density was the opti­
mum environment for maximizing heritability and expected 
genetic gains for spikelets per five panicles. Similar result 
was shown by Kariya and Yamamoto (I963), who found that selec­
tion of rice genotypes for panicle weight was most efficient 
at low population densities. 
All test environments were equally efficient in maximizing 
relative genetic gains from selection for seed weight. However, 
Table 36. Summary of environments which maximize herltabllity and genetic gain 
in original units and percentages for five attributes 
Attribute 
Herltabllity 
(percentage) 
Environment(s) that maximize 
Genetic gain Genetic gain 
(original units) (percentage) 
Plant height 
Panicles per plot 
Spikelets per five 
panicles 
Seed weight 
Grain yield 
High productivity, 
high density 
Not definitive 
Low density 
Low fertility 
High productivity, 
high density 
High productivity, High productivity, 
high density high density 
Not definitive 
Low density 
Low fertility 
Not definitive 
Low density 
All environments 
High productivity, High productivity, 
high density high density 
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the low fertility environment was optimum for heritability and 
expected genetic gains in original units. For grain yield, a 
high productivity or high density environment would be best for 
maximizing heritability and genetic gain expressed either in 
original units or percentage. Russell and Teich (I967) con­
cluded that testing corn inbred line for yield should be done 
in a high density environment, but contrariwise, Gotoh and 
Osanai (1959a and 1959b) concluded that low fertility and low 
density were the most efficient environments for selecting 
among wheat genotypes for grain yield. Prey (1964) and Krull, 
et al. (1966), however, concluded that greater progress for 
yielding ability of small grains was expected if testing was 
done under high productivity conditions. Johnson (1965) con­
cluded that for barley and oats, the environment that gave 
maximum genetic.advance also gave maximum heritability, with 
few exceptions. My results are similar. With the exception of 
seed weight where all environments are about equally effective 
for relative genetic gain, there was perfect coincidence of the 
optimum environment for heritability and genetic gain in 
original units and percentages. 
The choice of the optimum environment for practicing 
selection.for an attribute may be judged according to any of 
the three methods—heritability percentage, expected genetic 
gain in original units and expected genetic gain as a percent­
age of the mean. 
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Intuitively, the experiments I conducted herein, would 
seem to represent different levels of environmental stress. 
Mow, environments are usually defined as stress or non-stress 
upon the basis of their effects on total productivity per unit 
of land area. At least, this is the common definition used by 
plant breeders. In contrast a plant physiologist will define 
an environment as stress or non-stress relative to its effect 
on the productivity of an individual plant, and an evolutionist 
considers stress and non-stress from the viewpoint of long time 
survival of a gene or genetic combination. As a further con­
founding effect on the definition of relative stress, con­
tributing factors may be physical, such as, moisture supply, 
fertility level, etc., or population imposed, such as crowding 
or shading. Prey (1964) imposed stress via limited moisture 
and fertility with a constant stand of plants whereas Eussell 
and Teich (I967) imposed stress via increased crowding of 
plants with a constant physical environment. Gotoh and Osanai, 
(1959a and 1959b) use both kinds of stress in their studies. 
It is an interesting thought that the stress environment of 
Eussell and Teich (I967), i.e., high rate of population, pro­
duced the highest yields on a unit-of-land basis. Of course, 
the yield per individual plant was reduced under the high popu­
lation condition. This discussion simply points out the con­
fusion that enters any discussion of environmental stress 
unless the measurement system and the method of stress imposi- . 
tion are defined. 
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Herein, environmental stress was imposed via low fertil­
ity or late planting or via differential seeding rates. 
Whether an environment was stress or non-stress for a given 
trait was defined in term of its effect on the mean of that 
trait measured across all lines tested. The non-stress en­
vironment was the one that produced the highest mean for a 
trait and the most stressed environment was the one with the 
lowest mean. This is the same definition used by Johnson and 
Prey (I967), and it leads to the anomaly that a given environ­
ment may be stress for one trait and non-stress for a second 
one. 
Prey (1$64) found that oat lines grown in a non-stress 
experiment had higher heritabilities than oat lines grown in 
stress experiments, indicating that non-stress conditions 
allowed for greater genotypic differentiation among lines and 
expectedly, greater genetic gains from selection. Now, if the 
degree of environmental stress, in fact does influence the 
level of heritability, one could manipulate environmental 
variables to increase heritability; thus, improving the prog­
ress from selection among genotypes. Herein, the environments 
that produced the highest means, and by my definition were the 
least stress environments, also produced the highest heritabil­
ity values for the traits panicles per plot, 100-seed weight, 
spikelets per five panicles and grain yield (Table 37)* For 
plant height the highest mean was produced in the low density 
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Table 37* Environments that produced the highest means and 
heritability percentages for each of five traits 
Trait 
Environment 
Mean 
with highest 
Heritability 
Plant height Low density High productivity 
Panicles per plot High density High density 
100-seed weight Low fertility Low fertility 
Spikelets per five 
panicles 
Low density Low density 
Grain yield High productivity High productivity 
environment, but the highest heritability was produced in the 
high productivity environment. Johnson and Frey (I967) found 
that as stress was decreased, the heritability increased in 
only 11 of 20 cases. 
Of course, in a practical breeding program, selection is 
practiced simultaneously for several attributes and as noted 
before a given non-stress environment which would be most 
efficient for producing high heritability for one attribute 
may not be non-stress for all attributes. In other words,, 
environmental variables that would increase heritabilities for 
one attribute may decrease heritabilities for others. As an 
example, the average heritability percentages for spikelets 
per five panicles (50) and grain yield (28) were high and low, 
respectively in a low density environment. Also, the average 
heritabilities for spikelets per five panicles (34 and 38) and 
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grain yield (42 and 45) were low and high, respectively in 
high productivity and high density environments (Table 31). 
This leads to a situation where no single environment is apt 
to provide the maximum heritability for all traits, so the 
plant breeder is forced to compromise. He has several alter­
natives. One would be to use a different environment for each 
trait, i.e., the environment that gave maximum heritability. 
Of course, this is expensive and perhaps wasteful of resources. 
A second alternative would be to use the environment that gave 
the highest mean heritability across all traits to be measured. 
The mean heritabilities for the five environments excluding 
heading date, were 37j 42, 48, 43 and 46 for the low fertility, 
late planting high productivity, low density and high density 
respectively. On this basis the high productivity environment 
would be selected. However, a shortcoming in this alternative 
is that it gives equal weight to all traits, and this is un­
realistic in a breeding program. The' third alternative and 
probably most practical, is to use only one environment, but 
to give different weights to the attributes in determining 
which environment to use. For example, grain yield is probably 
the most important trait measured in this study. The herita­
bility values for grain yield are high in two environments, 
high productivity and high density, so either could satisfac­
tory. Perhaps the second most important trait is plant height 
because it is negatively associated with lodging of grain. 
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Again the heritabilities of either high productivity or high 
density are good. Weight per 100 seeds is the third most im­
portant trait, and the highest heritability for it was produced 
in the low fertility environment. This environment produced 
quite unsatisfactory heritability values for grain yield and 
plant height. Spikelets per five panicles would be fourth 
most important trait and the low density environment produced 
the highest heritability for it. Herein, this kind of analysis 
would probably lead to selection of high productivity as the 
best compromise environment for testing. The fact that the 
high productivity environment would be chosen in both alterna­
tive two and alternative three may be fortuitous. 
The magnitude of the lines x experiments and the lines 
variance components for grain yield estimated from the com­
bined analysis of ten experiments (Table 7) were 3.15 and 
10.56, respectively. When both components are considered to 
be heritable variation, the heritability percentage is 36, a 
value that is only slightly higher than the mean of 34 percent 
obtained by averaging the grain yield heritability values from 
the individual experiments (Table 30). When the interaction 
variance is considered as not being heritable, the heritability 
percent drops to 28. The 36 percent would be appropriate when 
predicting the genetic gain for a single environment, whereas 
the 28 percent would be applicable when selecting lines for 
more than a single environment. 
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The means of the lines x experiments and the lines vari­
ance components calculated from the combined analysis of ex­
periments with like environment, i.e., 6-1 and 7-1, 6-2 and 
7-2, etc. (Table 9), were 2.4 and 11.2, respectively. When 
both of these are considered heritable variation, the herita-
bility percentage is 36, a value equal to the heritability 
percentage calculated from the combined analysis of all ten 
experiments. 'When the interaction variance is considered as 
not being heritable, the heritability percentage is 2$. This 
Value is about the same as the heritability percentage (28) 
calculated from the combined analysis of ten experiments when 
only the lines variance component was considered heritable. 
These results suggest that a major portion of the lines x 
experiments interaction in the total analysis was due to year 
effects. 
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SUMMARY 
From the ^5 pooled variance analyses obtained by combining 
grain yield data from the ten experiments in all possible 
combinations of two, it was possible to calculate mean lines 
(genotypic) and lines x experiments (genotypes x environments) 
variance components for each environment (i.e., same type of 
experiment in two years). When this was done, the mean lines 
and lines x experiments variance components, respectively, were 
5.0 and 4.2 for the low fertility, 9.0 and 3*0 for the late 
planting, l4.0 and 3.1 for the high productivity, 11.1 and 2 . 5  
for the low density and 13.0 and 3.0 for the high density 
environments. Therefore, the lines variance components were 
greater than the lines x environments variance components by 
1.2 times for the low fertility, and by 3.0, 4.4, 4.3 and 4.7 
times for late planting, low density, high density and high 
productivity, respectively. These results indicate that when 
judged on a relative basis, grain yield production of oat 
lines was more consistent across the latter four test environ­
ments than with low fertility.. 
In general, all of the phenotypic correlations were posi­
tive and highly significant and, in general, all were high 
enough to be of practical importance. When viewed across both 
years, the correlations indicated that the high productivity 
environment would be best for predicting oat lines that would 
produce well in the other environments. The low fertility 
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environment showed the lowest correlations and therefore, would 
be the least desirable for predicting the production of oat 
lines. 
When all factors are considered, i.e., magnitude of'intra-
(0.67 and 0.72) and interannual (0.60 and 0,62) correlations, 
magnitude of lines variance component (l4.0) and ratio of lines 
to lines x experiments variance components (4.7), the high pro­
ductivity environment appears to be the best one for practicing 
selection. It provided the greatest genotypic differentiation 
and on a relative basis, caused the least interaction with the 
other environments. The low and high density environments 
were also good for testing, but were slightly inferior to the 
high productivity environment. 
The choice of an environment which maximized genetic gain 
was related to the attribute being selected. The high pro­
ductivity and high density environments were best for maxi­
mizing heritability and genetic gain from selection for grain 
yield and plant height. Low density was the optimum environ­
ment for maximizing heritability and expected genetic gain for 
spikelets per five panicles. All test environments were equal­
ly efficient in maximizing relative genetic gains from selec­
tion for seed weight. However, the low fertility environment 
was optimum for heritability and expected genetic gain in 
original units for this, trait. For panicles per plot, no 
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environment was consistently good for maximizing heritability 
and expected genetic gain in both years. 
With the exception of seed weight where all environments 
were about equally effective for relative genetic gain, there 
was perfect coincidence of the optimum environment for herita-
bility and genetic gain in original units and percentages. 
The environments—high density, low fertility, low density 
and high productivity which produced the highest means for 
panicles per plot, 100-seed weight, spikelets per five 
panicles and grain yield, respectively, also produced the 
highest heritability values for the same traits. I defined 
the least stress environment for a given trait as the one that 
produced the highest mean, so, for these four traits, the 
highest heritability values were produced in the least stress 
environments. For plant height, the highest mean was produced 
in a low density environment but the highest heritability was 
produced in the high productivity environment. 
No single environment provided the maximum heritability 
for all traits. For a plant breeding situation where only one 
environment could be used, it would be practical to weight the 
attributes in order of importance, and then select the environ­
ment that gave the best compromise of heritability values. 
Herein, the high productivity would be the best compromise 
environment for testing. 
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